The HIV-1 transgenic (TG) rat has been shown to be a useful model of nervous system disease that occurs in human HIV-1 infection. Studies were, therefore, performed to examine characteristics of the immune response in the periphery and brain of the animals and expression of factors in the nervous system that might be associated with neurotoxicity. Activated splenocytes from wild-type (WT) and TG rats were stimulated with either CD3/CD28 or with lipopolysaccharide (LPS) and examined for proliferative responses and for proinflammatory cytokine (IFN-γ, TNF-α and IL-1β) secretion. Brain tissue lysates from the rats were also examined for proinflammatory cytokine levels and tissue sections were stained by immunofluorescence for class II MHC+, ED1+ or Iba1+ (for macrophages and microglial cells), and for GFAP+ (for astrocytes) cells and for co-labeling of these cells for TNF-α. Co-labeling was also performed to identify cells expressing HIV-1 gp160, tat, nef and vif. Finally, on Western blots brain tissue lysates were examined for phosphorylation of Erk1/2, p38, JNK-SAPK and Erk5. TG rat splenocyte proliferative responses were higher than for WT with CD3/CD28-stimulation but lower than WT with LPS stimulation. CD3/CD28-stimulated TG rat splenocytes also secreted higher levels of IFN-γ, TNF-α and IL-1β whereas LPS-stimulated TG rat splenocytes secreted higher levels of only TNF-α than cultures from WT rats. Levels of all three cytokines were higher in brain lysates from TG rats than for WT rats. On immunofluorescence staining of corresponding sections of brain, TG rats contained increased numbers of class II MHC+ and ED1+ cells, and there was also increased co-labeling or these cells as well as astrocytes for TNF-α. Iba1+ cells showed positive staining for all of the HIV proteins whereas astrocytes showed significant positive staining for only nef and vif. Phosphorylation of Erk1/2, p38 and JNK/SAPK was detected for both TG and WT rat tissues with higher levels of phosphorylation forms of these proteins detected in the TG rat brain. Phosphorylation of Erk5, a marker that is associated with specifically neuronal repair, was detected only in TG rat brain. These studies suggest that activated nervous system mononuclear phagocytes and astrocytes expressing HIV-1 gene products in specific patterns are associated with neurodegeneration in the HIV-1 TG rat.
The HIV-1 transgenic (TG) rat has been shown to be a useful model of nervous system disease that occurs in human HIV-1 infection. Studies were, therefore, performed to examine characteristics of the immune response in the periphery and brain of the animals and expression of factors in the nervous system that might be associated with neurotoxicity. Activated splenocytes from wild-type (WT) and TG rats were stimulated with either CD3/CD28 or with lipopolysaccharide (LPS) and examined for proliferative responses and for proinflammatory cytokine (IFN-γ, TNF-α and IL-1β) secretion. Brain tissue lysates from the rats were also examined for proinflammatory cytokine levels and tissue sections were stained by immunofluorescence for class II MHC+, ED1+ or Iba1+ (for macrophages and microglial cells), and for GFAP+ (for astrocytes) cells and for co-labeling of these cells for TNF-α. Co-labeling was also performed to identify cells expressing HIV-1 gp160, tat, nef and vif. Finally, on Western blots brain tissue lysates were examined for phosphorylation of Erk1/2, p38, JNK-SAPK and Erk5. TG rat splenocyte proliferative responses were higher than for WT with CD3/CD28-stimulation but lower than WT with LPS stimulation. CD3/CD28-stimulated TG rat splenocytes also secreted higher levels of IFN-γ, TNF-α and IL-1β whereas LPS-stimulated TG rat splenocytes secreted higher levels of only TNF-α than cultures from WT rats. Levels of all three cytokines were higher in brain lysates from TG rats than for WT rats. On immunofluorescence staining of corresponding sections of brain, TG rats contained increased numbers of class II MHC+ and ED1+ cells, and there was also increased co-labeling or these cells as well as astrocytes for TNF-α. Iba1+ cells showed positive staining for all of the HIV proteins whereas astrocytes showed significant positive staining for only nef and vif. Phosphorylation of Erk1/2, p38 and JNK/SAPK was detected for both TG and WT rat tissues with higher levels of phosphorylation forms of these proteins detected in the TG rat brain. Phosphorylation of Erk5, a marker that is associated with specifically neuronal repair, was detected only in TG rat brain. These studies suggest that activated nervous system mononuclear phagocytes and astrocytes expressing HIV-1 gene products in specific patterns are associated with neurodegeneration in the HIV-1 TG rat.
© 2012 Elsevier B.V. All rights reserved.
Introduction
HIV infection is associated with the development of neurological complications that, with the progression of infection, can occur at a high frequency. One of the most devastating consequences of HIV infection is HIV-associated neurocognitive impairment (NCI), which has been shown to occur in a significant number of individuals even after initiation with otherwise effective antiretroviral therapies (Boisse et al., 2008; Kraft-Terry et al., 2010) . Indeed, the virus is able to develop resistance to such treatment, and it is the persistent replication and the direct and indirect effects of virus on cells that results in clinical neurological impairment. Pathological studies performed on brains from individuals with NCI have shown the presence of activated mononuclear phagocytes (macrophages and microglial cells) and astrocytes, a subset of which are productively infected with HIV and express proinflammatory cytokines and other neurotoxic molecules that can potentially induce damage to nearby tissue (Yadav and Collman, 2009) . Such activation can be replicated in vitro by exposing neural cells to the HIV gene products gp120, tat and nef, which can also directly induce cell injury and death (Kaul and Lipton, 2004) . Therefore, studies that lead to an increased understanding of the immune and virologic factors that are responsible for the detrimental effects of HIV infection on the nervous system are important to pursue. Journal of Neuroimmunology 247 (2012) [16] [17] [18] [19] [20] [21] [22] [23] [24] 
